Abstract. We present a comprehensive comparative high resolution mid-IR spectroscopic and X-ray imaging investigation of LINERs using archival observations from the ISO-SWS and the Chandra Advanced CCD Imaging Spectrometer. Although the sample is heterogenous and incomplete, this is the first comprehensive study of the mid-infrared fine structure line emission of LINERs. These results have been compared with similar observations of starburst galaxies and AGN. We find that LINERs very clearly fall between starbursts and AGN in their mid-IR fine structure line spectra, showing
INTRODUCTION AND MOTIVATION
Of the various classes of galaxies, low-ionization nuclear emission-line region galaxies (LINERs) represent one of the most captivating subsets of active galaxies yet they are the least understood. These galaxies show narrow optical emission lines of low ionization uncharacteristic of photoionization from normal stars (Heckman et al. 1980) . The ionization mechanism responsible for these line ratios is still controversial and remains at the forefront of astrophysics today. LINERs constitute as much as one third of all nearby galaxies (e.g., Ho, Filippenko, & Sargent 1997) and nearly half of all nearby early-type galaxies (e.g., Stauffer 1982) . Since Seyfert galaxies constitute only at most a few percent of the low luminosity active galactic nuclei (AGN) population, LINERs can potentially dominate the population of the low end of the AGN luminosity function and therefore can have a tremendous impact on several key critical issues ranging from the contribution of AGN to the infrared Send offprint requests to: S.
Satyapal, e-mail: satyapal@physics.gmu.edu (IR) and X-ray background radiation to the origin and evolution of galaxies in general.
Many LINERs are expected to contain obscured nuclei. In fact, using the compilation by Carillo et al. (1999) of all LINERs studied in the literature, IR-bright LINERs (L FIR /L B >1) constitute nearly 80% of all nearby LINERs. In such galaxies, mid-IR spectroscopic and high spatial resolution X-ray observations are ideal probes of possible buried AGN cores. Mid-IR lines not only penetrate dust-enshrouded regions, but they also provide powerful tools to discriminate between gas photoionized by a central AGN or young stars, or shock-excited gas. Likewise, sensitive hard X-ray observations at high spatial resolution can provide a definite probe of obscured AGN, out to column densities of a few times 10 24 cm −2 . Detection of a single compact hard X-ray source coincident with the nucleus would constitute strong evidence for the existence of a central black hole. Those galaxies that reveal a compact hard X-ray nuclear source should also display high excitation fine structure lines in the mid-infrared, where dust obscuration is minimal.
S. Satyapal et al.: IR and X-ray Study of LINERs
There have been several recent optical spectroscopic and Xray studies of nearby optically-selected LINER galaxies (e.g., Ho et al. 1993; 1997a,b; , Eracleous et al. 2002 . In these studies, detection of broad Hα emission in some LINERs, observations of extended LINER emission in a number of galaxies, and X-ray morphology all indicate heterogeneity in the ionization mechanism responsible for the LINER spectra. Viable explanations include shock heating through cloudcloud collisions in galaxy mergers or surrounding AGN, cooling flows, and photoionization by nonthermal energy sources or extremely hot stars (see review by Filipenko 1996) . Because the nuclear regions of many LINERs can be obscured and the intrinsic continuum from the central energy source is often thermally reprocessed by dust and hence not directly observable, a definitive consensus on the true origin of the observed optical emission line spectrum in all LINERs has not been reached.
There have been very few IR spectroscopic and high spatial resolution X-ray imaging studies of nearby LINERs. While recent results from the Infrared Space Observatory (ISO, Kessler et al. 1996) have yielded a wealth of information on the mid-IR spectral signatures of a significant number of optically-identified standard AGN (e.g., Sturm et al. 2002) and starburst galaxies (e.g., Genzel et al. 1998 , Thornely et al. 2000 , very few mid-IR spectroscopic observations of LINER galaxies have yet been published. Of the few nearand mid-IR spectroscopic observations of LINERs that have been published thus far, almost all are IR-bright and virtually all show low resolution spectra similar to starburst galaxies (e.g., Veilleux, Sanders, & Kim 1999; Lutz et al. 1999) . Does this trend extend to all LINER galaxies? Do infrared-bright LINERs represent a "shock-dominated" subclass of the LINER population powered predominantly by star formation? As an added puzzle, these spectral characteristics are in at least one case irreconcilable with X-ray observations that reveal distinct evidence for a hard radiation field characteristic of an AGN . The optical spectrum of the strongly interacting system NGC 6240 shows LINER-like emission lines and the mid-IR properties show only weak high excitation line emission and an overall spectrum similar to starburst galaxies (Lutz, Veilleux, & Genzel 1999) . However, a number of hard X-ray observations of NGC 6240 with XMM, ROSAT, Beppo SAX, and Chandra have detected the presence of a heavily obscured AGN with total intrinsic luminosity in the QSO range (Komossa et al. 2003; Keil, Boller, & Fujimoto 2001; Komossa & Schulz 1999; Vignati et al. 1999 , Komossa et al. 2002 . If this LINER is indeed powered by an AGN, why does it not display strong high excitation lines at mid-IR wavelengths where dust obscuration is minimal? Other IR-bright LINERs can also host obscured AGN that have thus far been undiscovered in IR surveys of local and future high redshift surveys. In fact, some of the luminous hard X-ray sources recently discovered by deep Chandra surveys have optical and near-IR counterparts that show little or no evidence for AGN activity (eg., Brandt et al. 2001 , Barger et al. 2001 , Comastri et al. 2002 . Many of these objects could be similar to the local LINERs studied here. With the advent of SIRTF, it is critical to determine the origin of these possible multiwavelength inconsistencies.
In this paper, we present a comprehensive comparative high resolution mid-IR spectroscopic and X-ray imaging investigation of all LINERs observed by both ISO and Chandra. The Chandra observations presented here are largely unpublished archival observations of all LINERs observed either by the short wavelength spectrometer (SWS) or the long wavelength spectrometer (LWS) on board ISO. In this paper we present only the SWS observations of all LINERs in the ISO archive, most of which have not previously been published. In a companion paper, our archival far-IR spectroscopic observations of all LINERs are presented (Satyapal & Sanei 2003) . This paper is structured as follows. In section 2, we summarize the SWS and Chandra LINER samples. In section 3, we present the observations and data reduction together with a tabulation of all SWS line fluxes, X-ray luminosities, and X-ray morphological class designations. The discussion of our results including a mid-IR spectroscopic and X-ray comparison of LINERs with standard AGN and starbursts is given in section 4, followed by a summary of our main results and conclusion in section 5.
MID-IR AND X-RAY LINER SAMPLES

SWS LINER Sample
We searched the ISO SWS archive for all galaxies classified as LINER galaxies using the recent compilation of LINERs by Carillo et al. (1999) . SWS observations of 28 LINER galaxies were found to exist in the ISO archive. Since most galaxies were observed as part of a random collection of guaranteedand open-time programs with differing scientific goals, the sample is not complete in any sense. Furthermore the observed wavelength range is not uniform for all galaxies. The galaxies range in distance from 0.8 to 253 Mpc, and span a wide range of infrared luminosities (L FIR = 6.28 × 10 8 L ⊙ to 6.53 × 10 11 L ⊙ ) , Hubble types, and infrared-to-blue luminosity ratios. In Figure 1 , we summarize the basic properties of the SWS LINER sample. The individual galaxies observed are listed in Table 1 . Basic galaxy properties were taken from Carillo et al. which were predominantly based on the NASA/IPAC Extragalactic Database (NED). Distances adopted were based on Hubble constant of H 0 = 75 km s −1 Mpc −1 unless otherwise noted.
Chandra LINER Sample
Our sample includes all the LINERs observed by Chandra that were also observed by either the LWS or SWS for which data were available in the public archive up to 2002 November. Again, LINER identifications were based on the LINER catalog compiled by Carillo et al. (1999) . Thirty three LINER galaxies observed by the ISO spectrometers exist in the Chandra archive. Of these galaxies, 20 were observed by the SWS and the remaining 13 were observed only by the LWS. The galaxies are mostly nearby, and span a wide range of infrared luminosities, Hubble types, and infrared-to-blue luminosity ratios. In Figure 1 , we summarize the main characteris- tics of our X-ray LINER sample. The individual galaxies observed are included in Table 1 . The Chandra observations for several of the galaxies have been published before, including 6 LINERs from the Ho et al. (2001) sample (see Table 3 for references) . In these cases, published values for X-ray luminosities and X-ray morphological class designations, if available, were adopted. X-ray observations of 18 of the LINERs have never been published as of 2003 January, and are presented here for the first time.
OBSERVATIONS, DATA ANALYSIS, AND RESULTS
SWS Observations and Results
All observations were obtained with the ISO-SWS (de Graauw et al. 1996) using the SWS02 or SWS06 observing modes. The aperture size of the SWS ranges from 14 " × 20 " to 20 " × 33 " and the spectral resolving power, λ / ∆λ, is approximately 1500. In each galaxy, between one and nine different spectral lines were observed over the 2.4-45 µm wavelength interval. The data were reduced with the SWS Interactive Analysis package (Lahius et al. 1998 ) using the most recent set of calibration parameters and the ISO Spectral Analysis Package ISAP . Dark current subtraction, removal of cosmic ray glitches and noisy detectors, flat-fielding, and separate co-addition of data in each scan direction, was carried out prior to line profile extraction, and flux and uncertainty measurements. In Table 2 , we list line fluxes and upper limits for some of the most prominent lines within the SWS wavelength range. In some cases, observations for some of the galaxies exist at wavelengths that do not overlap with observations of any of the other galaxies; these line flux measurements were not included in Table 2 . Sample spectra of the high excitation [OIV] 25.6 µm spectral line, detected in 11 out of 18 LINERs observed at this wavelength, are shown for all previously unpublished observations in Figure 2. 
Chandra Observations and Results
Archival Chandra observations of all LINERs presented in this paper were obtained with the Advanced CCD Imaging Spectrometer (ACIS-S) with the source at the nominal aim point of the S3 CCD. Most observations were carried out using the standard 3.2s frame time, although a few bright targets were observed with shorter frame times. Since many of (Table 4 ) and starburst (Table 5 ) galaxies. The dashed line corresponds to a linear fit to the LINER data. As can be seen, LINERs fall between AGN and starbursts.
the targets are nearby with bright nuclear X-ray emission, 10 out of the 33 LINER observations revealed pileup of the central unresolved source. The measured counts per frame rate for the piled-up sources ranged from 0.1 to 0.97, making detailed spectral analyses unfeasible. The Chandra observations were processed using CIAO v.2.1.2 using the latest calibration files provided by the Chandra X-ray Center (CXC). In Table 3 we list the details of the Chandra observations along with our results; sources affected by pileup are flagged. Our data reduction procedure and analysis follow the treatment described by Ho et al. (2001) . The 0.2-8keV energy range was chosen for science analysis. Nuclear count rates from 2-8 keV were extracted from a 2" radius centered on the nucleus. For all galaxies that did not display dominant hard X-ray nuclear sources, the 2 " aperture was centered on the galaxy's VLA nucleus, if available, or the 2MASS or optical nucleus. For most sources, the detected counts were insufficient to employ detailed spectral fits. Therefore, the nuclear count rate was converted to 2-10 keV Xray luminosities assuming an intrinsic power law spectrum with photon index Γ=1.8 using the Galactic interstellar absorption listed in Table 1 . For all observations that have been published as of 2003 January, the published intrinsic X-ray luminosities were always employed. In most cases, these luminosities were taken from Ho et al. 2001 , who employed the same method for obtaining intrinsic luminosities as we did. Most of the sources that were effected by pile-up, were also previously published by authors who corrected for its effects. In a few cases (Mrk 273, NGC 6240, NGC 5194), intrinsic absorption is known to significantly affect the intrinsic X-ray luminosities. In these cases, published intrinsic X-ray luminosities obtained from detailed XSPEC fitting correcting for intrinsic absorption were employed. Nuclear luminosities and references for published observations are listed in Table 3 .
The X-ray images were classified using the morphological class designations adopted by Ho et al. In their scheme, class (I) objects exhibit a dominant nuclear point source, class (II) objects exhibit multiple off-nuclear point sources of comparable brightness to the nuclear source, class (III) objects reveal a nuclear point source embedded in diffuse emission, and class (IV) objects display no nuclear source. Morphological class designations for all galaxies are listed in Table 3 .
DISCUSSION OF RESULTS
Mid-IR Results: How do LINERs Compare with Starbursts and AGN?
The mid-IR lines observed in our sample of LINERs originate from ions with a wide range of ionization potentials. As has been shown in previous work, AGN show prominent high excitation fine structure line emission but starburst galaxies are characterized by a lower excitation spectra characteristic of HII regions ionized by young stars (e.g., Genzel et al. 1998 , Sturm et al. 2002 . Of the 28 LINER galaxies, 18 were observed at the wavelength of the [OIV] 26 µm (excitation potential = 55 eV) line. This line is not produced in HII regions surrounding young stars, the dominant energy source in starburst galaxies, since even hot massive stars emit very few photons with energy sufficient for the production of [OIV] . In Figure 3 , we compare the strength of the [OIV] emission line relative to the total far-IR luminosity in LINERs, standard optically-identified AGN (Sturm et al. 2002 ) and the few starburst galaxies that show measurable [OIV] 26 µm fluxes (Lutz et al. 1998 ). The far-IR luminosity, a significant fraction of the bolometric luminosity of all of the galaxies plotted in Figure 3 , comes from thermally reprocessed radiation from both stars and any possible AGN. Since strong [OIV] emission requires the presence of an AGN, galaxies dominated by starbursts should display low L [OIV] /L FIR values (e.g., Genzel et al. 1998 , Sturm et al. 2002 . A compilation of all previously published SWS data of AGN and starburst galaxies (plotted in Figure 3 ) is given in Tables 4 and 5. Note that most starbursts do not show measurable [OIV] fluxes. The origin of the line emission in the few starbursts plotted in Figure 3 is thought to be extended ionizing shocks related to the starburst activity (Lutz et al. 1998) , or, in the case of NGC 5253 and II Zw 40, the two starbursts with extreme ratios, photoionization by Wolf-Rayet stars (Schaerer & Stasinska 1999) . As can be seen in Figure 3 Figure 4 shows the L [OIV] /L FIR ratio as a function of the IRAS F25µm/ F60µm flux ratio. A warm mid-IR color indicates a hotter dust temperature and is a well-known powerful discriminator between AGNs and starforming galaxies (e.g. Miley, Neugebauer, & Soifer 1985; de Grijp, Lub, & Miley 1987 , de Grijp et al. 1992 . It is clear from Figure 4 In Figure 5 , we plot the ratio of the high to low excitation line flux ratio [OIV] 26 µm/[NeII] 12.8 µm as a function of the IRAS 25/60 µm color for the 9 LINER galaxies for which observations at the wavelengths of both lines exist. As was first shown by Genzel et al. (1998) In addition, LINERs show the greatest dispersion in this ratio, possibly supporting the view that LINERs are a mixed bag of objects.
Unfortunately, the sparse spectral emission line data for the LINERs observed by ISO precludes the ability to conduct detailed photoionization modeling of the central excitation source. 
X-ray Morphology
X-Ray observations can provide a powerful probe into the nuclei of obscured AGN out to column densities of a few times 10 24 cm −2 . While young supernova remnants, X-ray binaries, and/or hot diffuse gas from starburst-driven superwinds can contribute to the hard X-ray band, these sources of emission are generally weak and spatially extended. Using Chandra's high angular resolution (0.5"/pixel), detection of a compact hard Xray source in these nearby LINERs is highly suggestive of an AGN. Note that for 70% of the sample, 0.5" corresponds to less than 100 pc. Figure 6 shows the distribution of X-ray morphology amongst the sample of LINERS. As can be seen, we detect nuclear point sources morphologically consistent with AGN in approximately 67% of the sample.
In order to explore the characteristics of the IR-bright LINER population, we compared the X-ray morphologies of LINERs with L FIR /L B > 1 with those with L FIR /L B < 1. As can be seen in Figure 7 , most (82%) LINERs that show a single dominant compact X-ray core (class I) are IR-faint. On the other hand, most (64%) LINERs that show scattered Xray sources (class II) are IR-bright. Several LINERs show hard compact X-ray cores embedded in diffuse soft X-ray emission (class III); virtually all of these LINERs are IR-bright.
These trends of morphological classification with IRbrightness are consistent with expectations. Class II objects are morphologically consistent with starburst galaxies, expected to contain a large population of young stars that heat the dust, as well as a large population of X-ray binaries consistent with an X-ray morphology dominated by scattered discrete sources. Class III objects are very likely objects that contain both dust enshrouded circumnuclear starformation as well as an embedded AGN. Indeed, obscuration of AGN is invariably accompanied by starburst activity in Seyfert 2 galaxies (Maiolino et al. 1995 ). 
Mid-IR/X-ray Comparative Study: Multiwavelength Consistency?
Do multiwavelength diagnostics result in a self-consistent understanding of LINERs? Objects that display strong hard X-ray nuclear point sources should also display high excitation lines in the IR. However, for the few IR-bright LINERs studied in detail at both X-ray and IR wavelengths prior to this work, a conflicting picture emerges. The IR-bright LINERs NGC 6240
and Mrk 273 both show weak [OIV] 26 µm emission relative to the emission from lower excitation forbidden lines ), but both show remarkably luminous hard X-ray nuclear point sources (e.g., Komossa & Shultz 1999 , Xia et al. 2002 . If these LINERs are indeed powered by AGN, why do they not display strong high excitation lines at mid-IR wavelengths where dust obscuration is minimal? Do other LINERs show similar multiwavlength inconsistencies? Figure 8 shows the [OIV]/[NeII] line flux ratio as a function of the hard X-ray to far-IR luminosity ratio for this sample of LINERs compared with those AGN for which both SWS and X-ray observations exist (see Table 5 for references). Like the [OIV] emission, the hard X-ray emission is dominated by the AGN. The first thing to note from Figure 8 is that, as expected, the galaxy with the lowest [OIV]/[NeII] line flux ratio is Xray weak and morphologically consistent with a starburst in the X-rays (class II object). Galaxies with the highest L X /L FIR ratios, are all morphologically consistent with AGN in the X-rays (class I and III objects). However, there are a few anomalies. NGC 6240 is clearly extremely luminous and morphologically consistent with an AGN in he hard X-rays but, as pointed out by Genzel et al. (1998) , the mid-IR emission line ratios do not suggest an energetically-dominant AGN. We note that the Seyfert 1 galaxy NGC 7469 also shows strong hard X-ray emission from a nuclear point source but an anomalously low [OIV]/[NeII] line flux ratio. Both galaxies are IR-bright and are known to host vigorous star formation activity (e.g. Genzel et al. 1995 , van der Werf et al. 1993 . Extinction estimates are insufficient to affect substantially the mid-infrared line ratio suggesting that some other explanation for this apparent multiwavelength inconsistency is required. If the intrinsic spectral energy distribution from the X-ray to UV wavelength band is consistent with a standard AGN in these two galaxies, the emission lines from highly ionized gas should dominate their emission line spectra. In contrast, NGC 404 shows very weak soft X-ray emission consistent with a starburst (see Eracleous et al. 2002) but has the highest [OIV]/[NeII] ratio of our entire sample. Using IR emission line diagnostics alone, this galaxy would be classified as hosting an energetically-dominant AGN. If the emission lines are produced in photoionized plasma surrounding X-ray binaries, it is indeed surprising that the forbidden line luminosities from the high excitation ions surpass those produced by the AGN plotted in Figure 8 . In Figure 9 , we plot a similar diagnostic diagram using the [OIV] 26 µm / [SiII] 34 µm line flux ratio. Since the ionization potential of Silicon is less than that of Hyrdogen, [SiII] 34 µm emission can originate from both photoionized and photodissociated gas. Due to the potentially higher importance of partially ionized zones in AGNs compared with starbursts, the diagnostic power of this line ratio is more ambiguous. Nonetheless, it is clear that Figure 9 displays the same trends and anomalies that are seen in Figure 8 . We stress that our choice of IR line ratio diagrams is limited by the paucity of data available for LINERs. With the advent of SIRTF, detailed abundance-and extinction-insensitive photoionization modeling of the excitation source in LINERs will for the first time be possible.
Transient Phenomena in LINERs?
The multiwavelength anomalies pointed out above invoke the possibility of transient activity in at least some LINERs. A low X-ray luminosity and a prominent high-excitation forbidden line spectrum could be produced if both phenomena are variable and the ISO and Chandra observations took place on different dates. Similarly, a luminous hard X-ray luminosity morphologically consistent with an AGN could be reconciled with an anemic forbidden line spectrum if the AGN activity is intermittent and the observations were not concurrent. Several LINERs show broad variable Balmer lines (e.g., Storchi-Bergmann, Baldwin, & Wilson 1993 , Bowler et al. 1996 , Eracleous & Halpern 2001 , although variability in the narrow lines has not been seen. X-ray variability on timescales of weeks to several years has also been observed (Terashima et al. 2002) . The ISO observations of NGC 404 were obtained during 1998 January, approximately two years prior to the Chandra obserservations. However, NGC 404 was detected in the soft X-rays by ROSAT HRI in 1997 April and found to be weak (Komossa, Bohringer, & Huchra 1999 ). An upper limit by ASCA in 1997 July also indicates that it was X-ray weak in the hard band indicating that X-ray variability between the dates of the ISO and Chandra observations is unlikely. Similarly, prior to the recent detection of the binary AGN in NGC 6240 by Chandra (Komossa et al. 2003) , the presence of a highly absorbed extremely X-ray luminous AGN was indicated (e.g., Vignati et al. 1999 ). In addition, the apparent deficit of emission lines from ionized gas implied by the ISO spectrum was also indicated by the low hydrogen recombination line fluxes observed from NGC 6240 more than a decade ago (e.g., DePoy, Becklin, & Wynn-Williams 1986; Thronson et al. 1990; van der Werf et al. 1993) . It is therefore highly unlikely that the multiwavelength anomalies in these galaxies can be explained by variability.
Constraints on the Intrinsic Spectral Energy Distribution in LINERs: A UV Deficit?
A luminous hard X-ray luminosity morphologically consistent with an AGN in concert with weak forbidden and recombination lines invites the possibility that the intrinsic spectral energy distribution (SED) in at least some LINERs is different than that of standard AGN. Previous observations of the continuum emission in several low luminosity LINER galaxies reveal that the observed SEDs from the nuclear source lacks the standard "big blue bump" in the UV, a feature normally associated with emission from a standard optically thick geometrically thin accretion disk (Lasota et al. 1996; Ho 1999) . At low accretion rates, the accretion is thought to take place via advection-dominated accretion flows (ADAFs; Narayan & Yi 1994 . Since ADAFs are radiatively inefficient in the production of UV photons, this scenario was suggested by Ho (1999) as the explanation for the UV photon deficit in the LINER SEDs. However, recent observations of a few galaxies that show LINER-like optical spectra suggest alternative scenarios. For example, detailed photoionization modeling of the LINER-like optical emission lines in the weak line radio galaxy NGC 4261 require a substantially stronger ionizing UV continuum than is observed. This suggests that the intrinsic SED in this galaxy is similar to standard AGN and the observed UV deficiency in the continuum is a result of substantial extinction along our line of sight to the nucleus. This is supported by recent XMM and Chandra studies that reveal absorption of N H ∼ 10 22 cm −2 towards the nucleus Gliozzi et al. 2003) . Furthermore, The variablity trends in NGC 4261 are very similar to the standard disk-corona system of Seyferts, which may suggest that the X-ray continuum is not likely to originate in an ADAF . In this section, we investigate the intrinsic SEDs of our sample of LINERs implied by our IR emission line observations.
The infrared emission lines presented here are powerful probes of the intrinsic ionizing radiation field as seen by the narrow line region. Unlike optical emission lines, these lines are less sensitive to extinction. Figure 10 shows the [OIV] 26 µm luminosity versus the hard X-ray luminosity for all LINERs and standard AGN. According to Ho (1999) , the UV band is exceptionally dim relative to both the optical and X-ray bands for seven low luminosity LINERs including NGC 4579, one of the LINERs plotted in Figure 10 . However, as can be seen by Figure 10 , the correlation between the [OIV] 26 µm and hard X-ray emission for virtually all LINERs and AGN strongly suggests a similar intrinsic SED between the UV and X-ray bands. Figure 11 shows the [NeV] 14.3 µm / [OIV] 26 µm line flux ratio versus the hard X-ray luminosity for LINERs and AGN. The ionization potential of [NeV] is 97 eV. Since both lines are produced predominantly by AGN, the line ratio can be used to probe the shape of the ionizing radiation field and ionization parameters characteristic of the narrow line region. As can be seen from Figure 11 , the line ratios characteristic of LINERs fall well within the range observed for AGN. In fact, the line ratios do not require low ionization parameters, one of the main hypotheses for the low excitation optical line spectrum in LINERs (Ferland & Netzer 1983; Halpern & Steiner 1983) .
In summary, although the data is sparse, our preliminary IR observations suggest that the intrinsic SEDs in LINERs are not necessarily different from those of standard AGN. While NGC 6240, possesses an emission line spectrum in the IR that may suggest a deficit of UV photons, its hard X-ray luminosity is comparable to some of the most luminous AGN and is unlikely to be fueled by the low mass accretion rates thought to be associated with ADAFs. Furthermore, several bona fide Seyfert 1 galaxies also display similar low excitation IR spectra suggesting a common origin for this phenomena. Since the two X-ray luminous galaxies with weak emission lines are both IR luminous, it is very likely that dusty AGN are responsible for their observed characteristics. For example, it is possible that dust absorption of ionizing radiation and subsequent direct conversion to thermal IR radiation is responsible for the weak emission line spectrum from the narrow line regions of some dust-enshrouded AGN (Netzer & Laor 1993) . We stress that for a true understanding of the intrinsic SEDs of dusty LINERs, an extensive set of emission lines are required for detailed photoionization models. 
SUMMARY AND CONCLUSIONS
We present a comprehensive comparative high resolution mid-IR spectroscopic and X-ray imaging investigation of all LINERs observed by ISO and Chandra. Although the sample is heterogenous and incomplete, this is the first comprehensive study of the mid-infrared fine structure line emission of LINERs. These results have been compared with similar observations of starburst galaxies and AGN. Our main results are summarized below:
1. The high excitation [OIV] 26 µm spectral line, generally detected only in active galactic nuclei, was observed in 17 of the LINERs and detected in 11 of these objects.
2. LINERs very clearly fall between starbursts and AGN in their mid-IR fine structure line spectra. They show L [OIV] 26µm /L FIR and L [OIV] 26µm / L [NeII] 12.8µm ratios intermediate between those of AGN and starburst galaxies. In the absence of abundance variations, these ratios are a measure of the dominant energy source in dusty galaxies. The average L [OIV] 26µm / L FIR ratio is 4.2 × 10 −5 , 3.7 × 10 −4 , and 3.4 × 10 −3
for starbursts, LINERs, and AGN, respectively. The average L [OIV] 26µm / L [NeII] 12.8µm ratio is 0.02, 0.28, and 2.17 for starbursts, LINERs, and AGN, respectively. In addition, LINERs show the greatest dispersion in these ratios, possibly supporting the view that LINERs are a mixed bag of objects.
3. An X-ray morphological study of the 33 LINER galaxies observed by Chandra for which joint ISO comparison data is available has also been conducted. We detect nuclear point sources morphologically consistent with AGN in 67% of the sample. We find that most (82%) LINERs that show a single dominant hard compact X-ray core are IR-faint (L FIR /L B < 1). On the other hand, most (64%) LINERs that show scattered Xray sources are IR-bright. Several LINERs show hard compact X-ray cores embedded in diffuse soft X-ray emission; virtually all of these LINERs are infrared-bright.
4. A comparative X-ray/mid-IR spectroscopic investigation of LINERs reveals some surprising results. Objects that display strong hard nuclear X-ray cores should also display high excitation lines in the IR. However, the galaxy NGC 404 shows weak soft X-ray emission consistent with a starburst but has the highest excitation mid-IR spectrum of our entire sample. Using IR emission line diagnostics, this galaxy would be classified as hosting a dominant AGN. Conversely, the IR luminous LINER NGC 6240 has an extremely luminous binary AGN as revealed by the X-rays but shows weak IR emission lines.
5. Contrary to previous suggestions, a comparison of IR emissions lines with hard X-ray luminosities strongly suggest that the intrinsic SEDs in LINERs are not necessarily different in LINERs compared with standard AGN.
Our joint mid-infrared spectroscopic and X-ray investigation of LINERs provide a sampling of some of the puzzles emerging concerning their central energy sources. We stress that the limited data available at this time precludes detailed photoionization modeling of the central engines. With the advent of SIRTF, and future IR missions such as Herschel and JSWT, such detailed analysis will for the first time be possible. (Sanders & Mirabel 1996) .; Col(6): L FIR same as previous (Sanders & Mirabel 1996) , L B : B magnitude see Carrillo et al (1999) ; Col (7) 
